Handling and efficacy of a new video-optical intubation stylet were assessed in a simulated difficult tracheal intubation setting and compared with a conventional malleable stylet. Forty-five anaesthetists performed 10 tracheal intubations using both techniques. Laryngoscopy was performed by the observer, who created a grade 3 view according the classification by Cormack and Lehane. The time taken to place the tracheal tube and the final tracheal tube positions were documented. Mean (SD) intubation time for the video-optical stylet was 20.4 (7.7) s and for the malleable stylet 10.2 (3.3) s (p , 0.01). With the video-optical stylet the trachea was correctly intubated in all 225 attempts; with the malleable stylet 44 (19.6%) oesophageal and 44 (19.6%) endobronchial intubations occurred (p , 0.01). The video-optical intubation stylet enabled us to recognise inappropriate tracheal tube positions and to correct them immediately. This equipment can be considered a reliable and effective tool for management of the difficult airway.
Many cases of difficult airway present unexpectedly, thus representing a major cause for anaesthesia-related complications [1] . In such cases, many anaesthetists prefer to rely on established and simple aids to regular laryngoscopy and intubation, such as a gum-elastic bougie or conventional malleable intubation stylet [2] . Usually, the malleable stylet is bent upward in the saggital plane, resembling a hockey stick, which facilitates blind probing of the glottic entrance. This technique is reported to be successful in 45% of difficult intubation cases, but it also carries a risk of injury, bleeding and swelling that may preclude further attempts at intubation and even ventilation via a facepiece.
Successful intubation using the conventional malleable stylet can only be assessed after completion of the procedure, and recognition of the tracheal tube's location is occasionally difficult and time consuming. An intubation technique that allows observation of the tracheal tube's advancement is therefore preferable. Tracheal intubation using an optical stylet was first reported in 1979 by Berci and Katz [3] , who mounted a tracheal tube on a straight rigid device. This method was successful only if the instrument could be advanced directly to the glottis, which is usually not possible with a difficult airway. In order to overcome an obstructed view of the glottis, a malleable stylet is necessary. Therefore, various devices allowing an indirect optical view of the intubation pathway through a proximal eyepiece were developed [4, 5] . In the last 3 years, a new generation of intubation devices with video transmission to a bedside monitor instead of viewing through an eyepiece have been presented by several authors [6±10] .
Recently, we have developed a prototype of a modular video-optical intubation stylet (Fig. 1) . The aim of this study was to assess the handling and efficacy of this system in simulated difficult tracheal intubation in a mannequin, before using this technique in patients requiring tracheal intubation.
Methods
An ultra-thin video endoscope (Volpi AG, CH-8952 Schlieren, Switzerland) is introduced into the lumen of a hollow malleable intubation stylet (prototypes manufactured by Williy Ruesch AG, D-71394 Kernen, Germany). The video endoscope is connected to the compact video-light imaging system`Vision' (Acutronic Medical Systems AG, CH-8816 Hirzel, Switzerland). The malleable stylet can be angled by the user as required, and the device is ready for use. Conventional laryngoscopy is performed as usual and the stylet with a mounted tracheal tube is advanced under direct vision into the hypopharynx just beyond the tip of the epiglottis [10] . The view from the stylet tip is used to guide the tracheal tube through the glottis until its final position 1±2 cm above the carina, which can be clearly recognised on the video monitor (Fig. 2) .
In a prospective randomised investigation, three categories of anaesthetists were included into the study: 15 consultants, 15 residents and 15 anaesthesia nurses. All subjects were briefly familiarised with the video-optic system and its mode of application, and had the opportunity to perform one practice intubation attempt with each technique. Each subject then had five attempts at conventional and five attempts at video-optical intubation of a specifically designed intubation mannequin (Laerdal, N-4002 Stavanger, Norway), in random order. In contrast to regular clinical use, laryngoscopy using a #3 Macintosh blade was performed by the observer in order to achieve a standardised degree of difficulty. For this purpose, the blade was lowered to give a grade 3 view according the classification by Cormack and Lehane [11] . This procedure is an accepted model for difficult airway simulations [12] .
The time required to introduce the tracheal tube into a position considered by the subject as adequate was measured (intubation time). The resulting position of the tube's tip was then classified as adequate (tracheal) or inadequate (oesophageal or bronchial) by the observer. After completion of all 10 intubation attempts, the subjects estimated the degree of difficulty for both techniques according to a five-point verbal rating scale with 1 very simple and 5 extremely difficult.
Intubation times and assessment of difficulty were analysed using the paired Student's t-test for intubation technique and one-way analysis of variance for category of anaesthetist. The frequencies of adequate and inadequate tracheal tube placements were analysed using the Chi-squared test. The level of significance was set at p 0.05.
Results
The video-optical method required twice as long as the conventional technique but with fewer oesophageal or bronchial intubations and less difficulty (Table 1) . Intubation time and tracheal tube position were unaffected by the sequence of intubation methods. Intubation time was unaffected by category of anaesthetist (Table 2) .
Discussion
Fibreoptic intubation is considered the gold standard for management of expected difficult intubation, yet it is not the ideal approach for many anaesthetists when intubation is unexpectedly difficult or impossible. As recommended by the ASA guidelines for the difficult airway [13] , anaesthetists should first rely on simple, easily available and well-practised techniques, of which use of the conventional malleable intubation stylet is among the most widespread. Since this technique is not successful in all cases, there is a necessity to overcome the typical drawbacks of both methods: the more difficult handling of the flexible fibrescope and the limited success rate with blind placement of the stylet. In this regard, the videooptic technique combines the advantages of both methods, namely the efficacy of fibreoptic endoscopy and the simplicity and familiarity of the malleable stylet. Another important advantage of the video-optic technique over flexible endoscopy is that both direct laryngoscopy and handling of the 'scope can be performed by one person.
Techniques based on endoscopic view transmission represent a great step forward in increasing the success rate of unexpected difficult intubation [8] . However, some techniques, though facilitating intubation, require specific approaches and skills. Shikani introduced a flexible fibrescope that had to be inserted into a specially designed stylet [4] , but this intubation procedure is not based on conventional laryngoscopy and therefore is unfamiliar to most users. The device presented by Saruki et al. allows only one person to watch the generated view through an eyepiece [5] . In contrast, our technique allows simultaneous watching of both the intubation procedure and tracheal tube advancement, not only for the intubating anaesthetist, but for all other involved persons.
All categories of anaesthetists were able to familiarise themselves with the video-optic technique after only a few attempts, and found it easier than the conventional stylet method. The fact that anaesthetic experience was unrelated to individual intubation times may indicate that this technique is feasible for all categories of anaesthesia personnel.
The average intubation time of 20.4 s for the videooptic system is acceptable, although it was double that needed for the conventional stylet technique. This was mainly caused by brief adjustments of the fibrescope, stylet and tracheal tube. However, because of continuous observation of the stylet's advancement while using the video system, correct tracheal tube position was finally guaranteed in all attempts. With the conventional stylet, nearly 40% of intubation attempts resulted in either endobronchial or oesophageal tube placement. Even if one assumes that all malpositions would be recognised by the user shortly after intubation, further correction attempts would require additional time, thus reducing the efficacy of the conventional technique as compared with the video-optic technique.
In contrast to the video-optic system, comparable systems are not modular and comprise several disposable parts. The Nanoscope system [6] contains a disposable stylet which costs £45. In the AVSS system [9] , the fibrescope is hygienically separated from the patient's mucosa and does not require disinfection; however, the light-conducting fibres are integrated in the disposable stylet (£28) which again makes a single use rather expensive. At present, the purchase costs for the new modular video-optic system can only be estimated, since some parts are yet prototypes. The stylet will be equipped with a transparent window at the tip that enables light transmission and viewing via the fibrescope, while the latter remains hygienically protected. Therefore the fiberoptic is immediately reusable. The fiberoptic endoscope (length 2.0 m; outer diameter 2.8 mm) is now available for about £600. The video-imaging system comprising a light source, video camera with electronic and flat screen monitor will cost approximately £3500. 
